Cathepsins are specific proteases in lysosomes that parucipate in the degradation of proteins, some of which are derived from endocytosis. In this study we examined the immunocytochemical localization of cathepsin B and D antibodies in cells of rat testis and epididymis, using light and electron "pi c immunocytochemistry. In testis, cathepsin D was immunolocalized over lysosomes of Sertoli cells and Leydig cells and on the acrosome of spermatids. Cathepsin B was found over lysosomes of macrophages. Non-ciliated cells of the &rent ducts revealed intense immunogold labeling over lysosomes with both anti-cathepsin B and D antibodies. In epididymis, cathepsins B and D showed marked variations in expression over the different epithelial cells and regional differences for a given cell type. Anti-cathepsin D antibodies showed intense labeling over lysosomes of principal cells in the corpus and proximal cauda. In contrast, anticathepsin B antibodies revealed intensely labeled lysosomes llitroduction The epididymis is an organ consisting of an epithelium lined by several cell types with specific structural features and functions. Principal cells, the major cell type throughout the epididymis, are involved in regional secretion and endocytosis of specific proteins along the length of the epididymis (reviewed in Hermo et al., 1994; 
turally heterogeneous appearance from one region ofthe epididymis to the next (Robaire and Hermo, 1988) . With the presence of a variety of different substrates, such as protein products of intraand extracellular origin, it would not be unexpected to find that the lysosomal degradative machinery made up of Vatious proteinases would also vary among these difTerent cell types. This may also apply to Sertoli and Leydig cells of the testis, rete epithelial cells and non-ciliated cells of the efferent ducts, all of which are active endocytic cells (Igdoura et al., 1993; Hermo et al., 1985; Morales et al., 1984 Morales et al., ,1985 .
Cathepsins are lysosomal proteolytic enzymes that are present in many mammalian cells. Cathepsins play a role in the intracellular degradation of exogenous and endogenous proteins Kirschke et al., 1980) . activation of enzyme precursors (Barrett and Kirschke, 1981) , and metastasis of cancer cells (Domagala et al, 1992) . There is also evidence that cathepsins play a limited role in antigen processing and the inflammation of tissue, contributing to the overall immune response (Takahashi et al., 1989) .
Cathepsin B, a 30 KD protein, is a lysosomal cysteine proteinase with optimal activity at about pH 5.5-6.5 (Moin et al., 1992) . Cathepsin D, an aspartyl endopeptidase, has a molecular weight of 42 KD and optimal activity at pH 3.8 (Srivastava and Ninjoor, 1982) . These enzymes vary in their distribution in different cell types and perform a variety of different functions (Goto et al., 1992; Furuhashi et al., 1991; Uchiyama et al., 1991; Matsuba et al., 1989; Watanabe et al., 1988 Watanabe et al., ,1989 Bando et al., 1986; Kominami et al., 1985 ; Barrett and Kirschke, 1981) .
The purpose of the present study was to examine the distribution of anti-cathepsin D and -B antibodies within cells of adult rat testis, rete testis, efferent ducts, and epididymis using light microscopic immunocytochemistry. The subcellular distribution of each cathepsin was also examined at the electron microscopic level. The results reveal remarkable differences in the localization of cathepsins D and B in Sertoli and Leydig cells of the testis, rete epithelial cells, and principal, narrow, clear, and basal cells along the epididymis, suggesting that these cells are involved in the processing of different substrates.
Materials and Methods

Light Microscopic Immunocytochemistry
Tissue Preparation. Five adult male Sprague-Dawley rats (350-450 g) obtained from Charles River (St. Constant, Quebec, Canada) were anesthetized with Ip sodium pentobarbital (Somnitol; MTC Pharmaceuticals, Hamilton, Ontario, Canada). Their testes and epididymides were fixed with Bouin's fixative by perfusion through the abdominal aorta for 10 min. After perfusion the testes, rete testis, and efferent ducts were removed and sectioned in one block. The epididymides were cut along their long axis to include the initial segment, intermediate zone, caput, corpus, and cauda epididymidis (see Diagram 1 in Hermo et al., 1991) . The tissue was then immersed in Bouin's fixative for 72 hr, washed for several days in 70% alcohol, dehydrated, and embedded in paraffin Immunoperoxidase Staining. Immunoperoxidase staining of testicular and epididymal sections was carried out according to Oko and Clermont (1989) . Two polyclonal anti-cathepsin D antibodies and one anticathepsin B antibody were used at a dilution of 1:20 in %is-buffered saline (TBS), pH 7.4. The rabbit anti-rat procathepsin B antibody, pre-immune sera, and purified rat procathepsin B (Rowan et al., 1992) were generously provided by Dr. John Mort (Shriners Hospital, Monueal, Quebec, Canada). The two rabbit anti-human cathepsin D antibodies were obtained from Calbiochem (La Jolla, CA) and DAKO (Carpinteria, CA).
Paraffin sections 5 pm thick were deparaffinized in xylene and hydrated in a series of graded ethanol solutions. During hydration, residual picric acid was neutralized in 70% ethanol containing 1% lithium carbonate, and endogenous peroxidase activity was abolished in 70% ethanol containing 1% (v/v) H202. Once hydrated, the tissue sections were washed in distilled H2O containing 300 mM glycine to block free aldehyde groups.
Before immunostaining, the sections were blocked for 15 min with 10% goat serum in TBS. This and subsequent treatments were accomplished by placing 50 pl of a solution on a coverslip and overturning the tissue face of the slide onto the drop, thus ensuring that the entire tissue was treated with minimal fluid (Oko and Clermont, 1989) . Coverslips were removed by dipping the slides in TBS containing 1% Tween-20 (TWBS). Sections were then incubated in a 37°C humidified incubation chamber for 1.5 hr with the appropriately diluted primary antibody. After four 5-min washes in TWBS, sections were once again blocked with 10% goat serum in TBS. They were then incubated for 30 min (at 37°C) with goat antirabbit IgG conjugated to peroxidase (Sigma; St Louis, MO) diluted 1:250 in TBS. This was followed by four 5-min washes in TWBS.
The final reaction product was achieved by incubating the sections for 10-20 min in 500 ml of TBS containing 0.03% Hz02, 0.1 M imidazole, and 0.05 % diaminobenzidine tetrahydrochloride (Sigma), pH 7.4. Slides were then washed in distilled H20 and counterstained with 0.1% methylene blue for 5-6 min. The tissue was dehydrated by passing slides through a graded ethanol series, after which the sections were cleared and mounted with Permount. Pre-immune sera of animals from which the anti-cathepsin B antibodies were obtained were used as controls, as well as normal rabbit serum from four different animals, all at a dilution of 1%. In addition, polyclonal antibodies against rat procathepsin B were diluted 1:20 in TBS and then mixed in the same buffer with purified rat procathepsin B (50 pI of diluted antibody with 10 pg of purified protein). This antibody-antigen mixture was then used for immunostaining sections for light microscopy as described above.
Electron Microscopic Immunocytochemistry
Tissue Preparation. Four adult male Sprague-Dawley rats (350-450 g) were anesthetized and their testes, efferent ducts, and different regions of the epididymis fixed by perfusion for 10 min through the abdominal aorta with 0.5% glutaraldehyde and 4% paraformaldehyde in 0.15 M phosphate buffer containing 50 mM lysine, pH 7.4. After removal the tissues were cut into small pieces (0.5 mm3), immersed for 2 hr in the above fixative at 4'C. washed two or three times in 0.15 M PBS containing 4% sucrose (pH 7.4), and then treated with PBS containing 4% sucrose and 50 mM NH&I for 1 hr at 4'C. The tissues were then washed, dehydrated in a graded series of methanol up to 90%. and embedded in Lowicryl K4M as described previously (Oko, 1988) .
Immunogold Labeling. Ultra-thin sections were cut and mounted on 200-mesh formvar-coated nickel grids. Sections were blocked for 15 min with 10% goat serum in TBS, incubated for 1 hr on 15-pl drops of anticathepsin B or D antibodies diluted 1:20 in TBS, and washed extensively in TWBS. Sections were then blocked with 10% goat serum in TBS, incubated for 1 hr on 15 pl of colloidal gold (lO-nm)-conjugated goat antirabbit antibody diluted 1:20 in TBS, and washed in TWBS and distilled H20 before drying. The secondary antibody was obtained from Cedarlane Lab (Hornby, Ontario, Canada). Sections were counterstained with uranyl acetate for 2 min. followed by lead citrate for 30 sec. Electron micrographs were taken on a Philips 400 electron microscope. Normal rabbit serum and pre-immune sera of animals from which the anti-cathepsin B antibodies were obtained were used as controls at a dilution of 1:20.
Results
Light Microscopic I m munolocalizatio n of Cathepsin D in Testis, Rete Testis, and Efferent Ducts
Both cathepsin D antibodies showed identical staining patterns along the male reproductive tract. In testis, the basal region of Sertoli cells and their processes were intensely reactive with the anticathepsin D antibody at all stages of the cycle of the seminiferous epithelium ( Figure 1 ). Germ cells were unreactive, with the exception of the acrosomic system of spermatids (Figure 1 ) at all steps of spermiogenesis. In the interstitial space, Leydig cells were intensely stained (Figure 1 ). In the rete testis, the cuboidal epithelial cells were also intensely immunoreactive (Figure 2 ). In the efferent ducts, non-ciliated and ciliated epithelial cells showed a granular supranuclear reaction (Figure 3 ).
Light Microscopic Immunofocafization of Cathepsin D in Epididymis
In the proximal part of the initial segment, the epithelial principal cells appeared unreactive (not shown). However, the apically located narrow cells and occasional basal cells were reactive (not shown). In the distal initial segment, a reaction was apparent in principal cells in the form of small, discrete supranuclear reactive bodies (Figure 4) . Similarly, narrow cells and a few basal cells were immunoreactive (Figure 4 ). In the intermediate zone, principal cells showed a few discrete, densely stained bodies, and many basal cells and narrow cells were intensely reactive (Figure 5 ) .
In the proximal caput epididymidis, principal cells presented an infrequent granular supranuclear reaction ( Figure 6 ). Many basal cells were intensely reactive, as were clear cells ( Figure 6 ). In the distal caput epididymidis, an occasional granular supranuclear reaction was apparent over principal cells (Figure 7 ). Clear cells displayed a variable staining pattern: some were intensely reactive and others were moderately or weakly reactive or unreactive ( Figure 7 ). Some basal cells were intensely reactive ( Figure 7 ).
Principal cells of the corpus and proximal cauda epididymidis showed a similar reaction pattern to each other (Figures 8 and 9 ). Many intensely stained granules were evident in the supranuclear region of principal cells (Figures 8 and 9) ; clear cells were predominantly unreactive. There was no staining of basal cells in these regions (Figures 8 and 9 ).
Light Microscopic Im muno focafizatio n of Cathepsin B in Testis, Rete Testis, and Eferent Ducts
The anti-rat cathepsin B antibody showed no reaction over Sertoli or germ cells of the seminiferous epithelium (Figure 10 ). The Leydig cells of the interstitial space were also unreactive. but macro- 
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Light Microscopic Immunolocalization of Cathepsin B in Epididymis
In the epididymis, principal cells displayed a variable staining pattern dependent on the region. Principal cells presented a very weak supranuclear reaction in the proximal initial segment (Figure 13 ). However, in the distal initial segment, principal cells presented a strong supranuclear granular reaction (Figure 14) . In the intermediate zone, a prominent reaction in the form of intensely stained granules was observed over the supranuclear region of principal cells; there was no staining of the large apical vacuoles (Figure 15 ). A similar staining pattern was noted over principal cells of the caput epididymidis. However, the overall pattern of staining appeared more pronounced in this region (Figure 16 ). In the corpus epididymidis, principal cells appeared unreactive (Figure 17) whereas in the proximal cauda epididymidis a diffuse moderate reaction was apparent over the cytoplasm of principal cells (Figure 18 ). Throughout the epididymis, narrow, clear, and basal cells were completely unreactive (Figures 13-18 ).
Use of normal rabbit serum failed to show any reaction over cells of the male reproductive tract (Figure 19 ). Pre-immune sera from rabbits used to obtain the cathepsin B antibodies also showed no reaction over cells of the male reproductive tract (Figure 20) . Preincubation of the anti-cathepsin B antibodies with purified rat procathepsin B also completely blocked the reaction observed with the antibody alone; the results were comparable to that seen in Figures 19 and 20.
Electron Microscopic Immunolocalization of Cathepsin D
Immunogold labeling of the testis revealed a reaction over lysosomes of Sertoli (Figure 21) and Leydig (Figure 22 ) cells, as well as the acrosomic system of spermatids (Figure 23 ). Immunolabeling of the efferent ducts with anti-cathepsin D antibodies revealed many gold particles over the lysosomes of the non-ciliated cells (Figure 24 ). There was no labeling of the tubular coated pits, apical tubules, or endosomes of these cells.
In the distal initial segment, intermediate zone, and proximal caput (Figure 25) regions of the epididymis, several gold particles were evident over the lysosomes of principal cells. There was no labeling of these structures in principal cells of the proximal initial segment. In the distal caput region, the lysosomes of principal cells appeared to be more heavily labeled (Figure 26 ). In the corpus and proximal cauda regions (Figure 27 ). labeling over lysosomes of principal cells was intense. There was no labeling of endosomes of principal cells of the entire epididymis.
In the case of basal cells, lysosomal labeling was most pronounced in the intermediate zone and proximal caput regions, with little or no labeling in other regions. Interestingly, lysosomes of clear cells of the proximal caput were well labeled (Figure 28 ). However, in the corpus and proximal cauda the majority of these cells were unlabeled. In the distal caput epididymidis the labeling of clear cells was extremely variable. Some cells presented well-labeled lysosomes (Figure 29 ). whereas others showed only moderate labeling of these structures; a few clear cells were unreactive.
Electron Microscopic Immunolocalization of Cathepsin B
In the testis, only macrophages showed well-labeled lysosomes (not shown). In the efferent ducts, the anti-rat cathepsin B antibody showed intense immunolabeling of the lysosomes of the non-ciliated cells, comparable to that seen for cathepsin D (not shown). Principal cells of the distal initial segment (Figure 30 ), intermediate zone, and caput epididymidis (Figure 31 ) showed many gold particles over their lysosomes. Labeling of principal cells of the corpus region was not apparent, but there was labeling of lysosomes of principal cells of the proximal cauda epididymidis. There was no labeling of early endocytic structures, such as endosomes, over principal cells. Throughout the epididymis, basal cells were consistently unlabeled, as were narrow and clear cells.
Sections treated with pre-immune sera or normal rabbit serum showed only an occasional gold particle over a given electron microscopic field, consistent with background levels of labeling (not shown). 
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Discussion
ImmunoZocaZization of Cathepsins B and D
in Testis, Rete Testis, ana' Efferent Ducts In this study cathepsin D was localized by light microscopy over Sertoli cells at all stages of the cycle of the seminiferous epithelium and at the same level of intensity for each, whereas cathepsin B wasmot present at all (Table 1 ). In contrast, Sertoli cells have been shown to contain cathepsin L (Zabludoff et al., 1990) , but immunostaining was intense and was present only at stages VI and VI1 of the cycle. It therefore appears that Sertoli cells show specific differences in their expression of various cathepsins. This may be a reflection of differences noted in the number, structural appearance, and topographical arrangement of lysosomes within Sertoli cells at different stages of the cycle (Hermo et al., 1994) as well as in a wide variety of Sertoli cell functions being carried out at the different stages, such as the secretion and endocytosis of various proteins and phagocytosis of residual bodies (Griswold, 1993; Morales and Clermont, 1993; Parvinen, 1993; Bardin et al., 1988; Morales et al., 1985) .
By electron microscopy, the reaction was seen as a distinct immunogold labeling of the lysosomes of these cells, unlike the diffuse cytoplasmic reaction seen in the light microscope. Because electron microscopic immunocytochemical techniques require the use ofweak fixatives, we could not readily visualize the membrane systems such as the endoplasmic reticulum, Golgi apparatus, and secretory vesicles. Therefore, we cannot rule out the possibility that cathepsin D is being secreted into the seminiferous tubular lumen similar to the manner shown for cathepsin L (Zabludoff et al., 1990) . A similar pattern of immunolabeling has also been reported for sulfated glycoprotein-1 (SGP-1). Although seen in lysosomes by elec- .... tron microscopy, SGP-1 has also been reported to be secreted into the lumen, accounting for the diffuse cytoplasmic reaction as seen in the light microscope (Igdoura and Morales, 1995; Collard et al., 1988) .
In this study germ cells were unreactive for cathepsin D, with the exception of the acrosome of spermatids. Srivastava and Ninjoor (1982) also demonstrated cathepsin D in the acrosomal extract of rabbit sperm.
Leydig cells are well-recognized endocytic cells involved in fluidphase, adsorptive, and receptor-mediated endocytosis (Hermo and Lalli, 1988; Hermo et al., 1985) . The presence of cathepsin D in lysosomes of Leydig cells ( Table 1) . but not of cathepsins B or L (Zabludoff et al.. 1990) . suggests substrate specificity with regard to protein degradation within the lysosomes of these cells. The diffuse cytoplasmic staining may be indicative of secretion of cathepsin D by these cells, but this hypothesis would require further experimentation.
The distribution of cathepsin B in the testis clearly differs from that of cathepsin D. Although there have been few studies suggesting the presence of cathepsin B in the testis at low levels (Scott et al., 1987; Howie et al.. 1985; Kominami et al., 1985) , this study demonstrates the presence of cathepsin B only over macrophages of the interstitial space (Table 1 ). This observation is consistent with that of Kominami et al. (1985) , who noted that of the peripheral blood cells tested, macrophages had the highest content of cathepsin B.
Whereas the rete epithelial cells showed intense reaction for cathepsin D, non-ciliated cells of the efferent ducts were intensely immunolabeled for both cathepsins B and D (Table 1 ). The intense labeling of lysosomes, but not of endosomes, within nonciliated cells suggests that cathepsins B and D are endogenous proteins, presumably transported from the Golgi apparatus to lysosomes as described for cathepsin B in hepatocytes (Yokota and Kato, 1987) and for the endogenous form of SGP-1 in the efferent duct non-ciliated cells (Igdoura et al., 1993) . The presence of cathepsins D and B within lysosomes suggests that these enzymes may process and digest testicular proteins demonstrated to be endocytosed from the lumen of the efferent ducts by the non-ciliated cells such as Sertoli-derived SGP-1 and SGP-2 (Hermo et al., 1991 (Hermo et al., ,1992a .
Sertoli cells, Leydig cells and macrophages of the testis, nonciliated cells of the efferent ducts, and rete epithelial cells can now be added to the list of other cells that contain cathepsins D and/or B (Goto et al.. 1993; Olbricht, 1992; Watanabe et al., 1988 Watanabe et al., .1989 Kato, 1987,1988; Reid et al., 1986; Yokota et al., 1986; Howie et al., 1985; Kominami et al., 1985) . 
Immunolocalization of Cathepsins D and B in Epididymis
Principal Cells. Principal cells showed a variable staining pattern of anti-cathepsin D antibody which was dependent on the region of the epididymis; maximal reaction was seen in the corpus and proximal cauda epididymidis (Eble 2). Whereas lysosomes of principal cells were labeled, small endocytic vesicles and endosomes were unlabeled. It therefore appears that cathepsin D is not internalized from the lumen but rather is delivered from the Golgi apparatus to lysosomes via small vesicles, as suggested for other lysosomal proteins (Hermo et al., 1992a; Yokota and Kato, 1987 ).
The regional localization of cathepsin D suggests substrate specificity within lysosomes of principal cells along the epididymis. In fact, in the corpus and proximal cauda regions, substances derived from the detached cytoplasmic droplets of spermatozoa , as well as degenerating spermatozoa in the lumen (Cooper and Hamilton, 1977) , may be internalized by principal cells, to be eventually digested by cathepsin D and other enzymes located within their lysosomes.
The amino acid sequence of cathepsin D has extensive sequence homology among various species, including rats and humans (Faust et al., 1985;  Shewale and Tang, 1984) . The anti-human cathepsin D antibodies used in this study were obtained from two commercial sources but both revealed similar immunostaining patterns, suggesting that both antibodies are recognizing the same molecular form(s) of rat cathepsin D.
In this study, cathepsin B localization within principal cells was also differently expressed along the epididymis (Tible 3). Our results on localization of anti-cathepsin B antibodies in the epididymis partially differ from those obtained by Tomomasa et al. (1934) . These investigators showed a granular staining in principal cells of the initial segment but made no distinction among its different zones. In our work, only the distal initial segment was immunoreactive. Although we noted a similar staining pattern to theirs for the caput region, our results differ on staining in the corpus and cauda regions (Tomomasa et al., 1994) . Furthermore, Tomomasa et al. (1994) suggested that epithelial cells of the epididymis secrete pro-forms of cathepsin B into the epididymal lumen. In the present study we could not confirm this finding; however, the diffuse staining of principal cells as seen by light microscopy may be suggestive of secretion of cathepsin B into the lumen.
The present results on immunolocalization of cathepsins D and B in lysosomes of epithelial cells of the epididymis differ from those obtained for SGP-1, a lysosomal protein that is processed into four smaller activator proteins termed sapsins (O'Brien and Kishimoto, 1991) . SGP-1 was immunolocalized equally within lysosomes of principal, clear, and basal cells of all epididymal regions except the cauda, where labeling of principal cells was weaker (Hermo et al., 1992a) . However, as was also noted for SGP-1, internalization of cathepsins B and D from the lumen by principal cells does not appear to occur, as endosomes were consistently unlabeled (Hermo et al., 1992a) . The specific regional localization of cathepsin B as compared with cathepsin D indicates a heterogeneous nature to the lysosomes of principal cells and possible differences in their functions, which is consistent with the differences in the structure and functions of principal cells along the epididymis (Hermo et al., 1994; Robaire and Hermo, 1988; Cooper, 1986; Hamilton, 1975; Orgebin4rist et al., 1975) . Indeed, the localization of several distinct lysosomal integral membrane proteins revealed a heterogeneous distribution in epithelial cells along the length of the epididymis (Suarez-Quian et al., 1992) . It is interesting to note that lysosomal heterogeneity also exists in the content of cathepsin B in kidney proximal tubule cells (Olbricht, 1992; Yokota and Kato, 1988) . Narrow, Clear, and Basal Cells of the Epididymis. Immunostaining with cathepsin B antibodies failed to show any reaction over narrow, clear, or basal cells of the epididymis, a result also demonstrated by Tomomasa et al. (1994) . In contrast, immunostaining with cathepsin D revealed a reaction over apically located narrow cells of the initial segment and intermediate zone (Eble Sun and Flickinger, 1980) . The presence of cathepsin D but not B within these cells suggests the degradation of specific proteins within their lysosomes.
Clear cells, which are reactive only for cathepsin D ( Table 2) , are highly endocytic cells containing many endosomes and lysosomes of various sizes (Hermo et al., ,1994  Robaire and Hermo, 1988) . They have been implicated in the endocytosis of various substances as well as the contents of cytoplasmic droplets  Moore and Bedford, 1979) . However, they function with regard to the endocytosis of proteins in a region-specific manner, as shown for mouse epididymal proteins (Rankin et al., 1992) , cP27 (Flickinger et al., 1988) , acidic epididymal glycoprotein (Lea et al., 1978) , and immobilin (Hermo et al., 1992b) . The present results also reveal specific regional differences in the localization of cathepsin D in clear cells, suggesting the existence of specific substrates for cathepsin D in the lysosomes of these cells. Why clear cells of the distal caput region show such a variable staining pattern is unclear, but this points out that even within the same epididymal region, heterogeneity between clear cells exists, at least with respect to possible functions involving their lysosomes. Differences in the localization of cathepsin H have also been observed between clear cells of different regions of the epididymis (Tomomasa et al., 1994) .
Basal cells also showed a varied reaction for cathepsin D dependent on the epididymal region ('Ikble 2). Veri et al. (1993) noted that these cells formed a mesh-like barrier at the base of the epididymal tubules, and it was proposed, on the basis of their expression of various glutathione S-transferases (Papp et al., 1995) , that they protected the epididymal epithelium and luminal spermatozoa from electrophilic attack. The present results also indicate that basal cells vary in their lysosomal content of cathepsin D along the epididymis. Such results reflect regional specialization in the role of these basal cells along the epididymis with respect to their lysosomal system.
Use of normal rabbit serum consistently showed no reactivity over cells of the male reproductive tract. Immunostaining with preimmune serum also revealed a lack of reaction over these cells. In addition, no reaction was observed when the polyclonal anticathepsin B antibodies were pre-incubated with purified rat procathepsin B. %ken together, these results show that the i"unoreaction reported in this study represents specific recognition of the proteins in question. In conclusion, our results show a differential expression for cathepsins B and D in cells of the testis, rete testis, efferent ducts, and in the different regions of the epididymis.
